This paper involves the investigation of the calcined Ca-hydroxyzincate dehydrate (CHZ) as solid base catalysts for photocatalytic degradation of methylene blue. X-ray powder diffraction (XRD), scanning electron microscopy (SEM), thermogravimetric analysis (TG-DTA), and UV-Vis spectroscopy were carried out to characterize and evaluate the as-prepared samples. The calcined catalysts performances were promising compared to non-calcined material. All the photocatalysts prepared under different processing temperatures (200, 400 and 600 °C) displayed 100% methylene blue degradation compared to the non-calcined sample with 100% dye removal.
Introduction
Nowadays, hazardous organic pollutants are frequently used all over the world. The textile industry is one of the most industries which consume a substantial amount of water in its manufacturing processes such as washing of fabrics and the release of huge quantities of dyes [1] . Degradation of dyes has received increasing attention and several methods for treating a variety of waste water problems [2, 3] . Physical-chemical methods such as coagulation [4] , electrocoagulation and adsorption on activated carbon [5] are not destructive but only transfer dye from one phase to another. These processes and biological method [6] were studied for the treatment of waste water but still found to be ineffective.
Advanced treatment technologies have been evaluated such as heterogeneous photocatalytic oxidation process [7] [8] [9] which is widely used to control aqueous organic pollutants and has been considered to be one of the most studied purification techniques to degrade low concentration of organic contaminants by converting them into environmentally friendly products.
Calcium hydroxyzincate dihydrate CaZn 2 (OH) 6 ·2H 2 O (CHZ) has attracted significant research attention due to their large variety of fields in many technologies. Recently, it was employed as a promising material in photocatalytic degradation of textile dyes [10, 11] .
Different preparation techniques for the synthesis of Cahydroxyzincate were reported in the literature. For example, Wang et al. [12] obtained CHZ powders by the solid-phase method without strong alkali. Contrary to Sharma [13] the CHZ was obtained through co-precipitation method under a strong alkali solution. Zhu et al. [14] prepared this material by mechanical ball milling method, using zinc oxide (ZnO) and calcium hydroxide Ca(OH) 2 in an aqueous medium.
TiO 2 and ZnO have proven their efficiency for photocatalytic degradation of pollutants because of the faster electron transfer to molecular oxygen [15] . However, metal oxide nanoparticle like calcium zincate (CaZnO 2 ), zinc oxide (ZnO), and composites of zinc oxide were also found to degrade dyes as an effective and alternative photocatalyst to TiO 2 , such as Coralene Dark Red 2B, Acid Orange 7, and Coraline Red F3BS, respectively [10] .
The current paper aims to study the photocatalytic performance of CHZ photocatalysts for the degradation of methylene blue as a model of organic dye under UV irradiation. 
Photocatalytic Measurements
Methylene blue (MB) was chosen as a model organic dye for evaluating the photocatalytic activity of prepared samples. In a quartz reactor, 0.5 g/L of catalyst was added into 30 ppm of an aqueous solution of MB dye. The suspension was stirred using a magnetic stirrer for 1 h to reach adsorption-desorption equilibrium among the photocatalyst. Then this solution was illuminated for one h using a 125 W halogen lamp as the UV irradiation source. After a defined reaction time, the suspension was centrifuged to separate the solid phase from the liquid, and then analyzed with UV-Vis spectrophotometer (TECHOMP UV 2300).
Characterization
Powder X-ray diffraction (XRD) patterns were collected using a Siemens D5000 high-resolution diffractometer using Ni-filtered Cu-Kα radiation. FTIR characterization of the different samples was performed using the KBr pellet method in a Vertex 70 spectrometer equipped with a Digitec detector. The samples were scanned in transmission mode with 4 cm −1 resolution in the region 4000-400 cm −1 . The simultaneous TG/DTG/DTA analyses were carried out on a Labsys TM Evo (1F) Setaram apparatus. A small amount of the sample was placed into an alumina sample pan and heated at a constant rate of 10 °C/min in an atmosphere of nitrogen gas flow at a constant purge rate of 60 mL/min. The temperature range employed was 25-900 °C. The sample was well dispersed with negligible depth to minimize heat and mass transfer.
Diffuse Reflectance of UV-Vis measurements of catalysts were carried out by using a Perkin Elmer Instrument lambda − 35 UV/Vis/NIR spectrophotometer, in the solid state.
The morphology and structure of the as-prepared catalysts were characterized by SEM using Jeol JSM-7000F FE-SEM, Japan was well dispersed with negligible depth to minimize heat and mass transfer.
Results and Discussion

X-ray Diffraction (XRD)
XRD features of CHZ calcined at different temperatures are displayed in Fig. 1 (Fig. 1a) indexed in the monoclinic crystal system, P21/c space group. For calcined sample at 200 °C, the diagram shows the decomposition of CHZ and the formation of both Ca(OH) 2 and ZnO mixture, with another phase(s) being undetectable (Fig. 1b) [17] . It was found that at 400 °C, Ca(OH) 2 was converted directly to CaO (JCPDS 37-1497) with the formation of an intermediate CaCO 3 (JCPDS 5-586) at 29.4°, which is partly obtained by the reaction of CaO with CO 2 from air and partly originates from the initial Ca(OH) 2 [18] . The solid heated at 600 °C shows diagrams denoting the presence of a mixture of zinc and calcium oxides. However, it is not excluded that the thermal decomposition of CHZ leads to a mixture of ZnO and CaZn 2 O 2 called calcium zincate [10] . 
Infrared Spectroscopy (FTIR)
FTIR analysis of the as prepared sample (CHZ) and its calcined forms at 60, 200, 400 and 600 °C confirm the presence of calcium carbonate which decomposes at temperature higher than 600 °C (Fig. 2) . Carbonate phase is due to the solid and CO 2 interactions denoting the basicity of the solids. The calcination at 200 °C indicates the disappearance of the bands due to Zn-O-H and Zn-O in the ZnO 4 skeleton as well as the presence of OH groups of Ca(OH) 2 at 3643 cm
The latter is absent from the spectrum obtained at 600°C, thus confirming the total transformation of Ca(OH) 2 to CaO.
Thermogravemetric Analysis (TGA/DTA)
Thermal stability of CHZ material was studied using TGA. The obtained results (Fig. 3) show that the compound decomposes through four steps. From 120 to 200 °C, two mass losses are registered with their corresponding DTG and endothermic DTA peaks. The percent mass loss at this step was about 18.25% which is theoretically close to the loss of three water molecules (17.49%). The third one, between 200 and 341 °C, is a progressive and long mass loss of about 3.59%. Thus, from 120 until 341 °C, the total mass loss is about 21.84% and it corresponds to the dehydration of the initial solid and formation of ZnO and Ca(OH) 2 . Those results confirm what was found in the XRD characterization as well as what has been reported in the literature [11] .
The fourth decomposition step from 341 to 450 °C, is contributed to the dehydroxylation of Ca(OH) 2 to form CaO which corresponds to an experimental mass loss about 4.58% whereas the theoretical value of 5.83%. This deviation is due to the presence of calcium carbonate as it was pointed out by the XRD analysis [18] .
Scanning Electronic Microscopy (SEM)
SEM images of the calcium hydroxizincate are displayed in Fig. 4 . Ca-hydroxyincate show the existence of tetragonal crystallites, with particle sizes ranging from 5 to 40 μm (Fig. 4a) , after thermally activation at 600 °C, this morphology is still observed, although the particles are smaller and with more irregular forms (Fig. 4b) . The same results were obtained by Wang et al. [19] . SEM with EDS shows that elemental composition of CHZ leads to Zn/Ca ratio above 1.8. Then, the thermal decomposition of the precursor gives a mixture of ZnO and CaZnO 2 . These two compounds are known for their photocatalytic performances [10] . Figure 5 compares the UV-Visible diffuse reflectance spectra of calcium hydroxizincate calcined at different temperatures. It was observed that uncalcined and calcined samples present the same absorption features with a small difference in Eg value. This small variation in band gaps again confirms formation of zincate CaZnO 2 , as also indicated by the XRD results. On the other hand, it can be seen that all samples show a white color and almost no absorption in visible region while wide absorption band at 440 nm to 800 nm. However, the absorption spectra of the studied compounds displayed in Fig. 5 exhibits three absorption bands centered at 367, 312 and 240 nm. The position of the first band suggest that can be assigned to the intrinsic band-gap absorption of zincate due to the electron transitions from the valence band to the conduction band (O2p → Zn3d) [20] , interaction to the exciton emission from zincate group [21] while the peak at 240 nm is due to charge transfer (O2p → Ca 2+ ). The Eg values for band gap materials were calculated from the plot (αhυ) 2 versus photon energy (hυ) and by extrapolation of the linear portion of the curves until they intercept the 
Ultraviolet-Visible Absorption Spectroscopy Analyses
Photocatalytic Degradation of MB Dye
Photocatalysis experiments were carried out in methylene blue degradation reaction under UV irradiation. A kinetic study was performed to evaluate the reaction parameters using a pseudo-first-order kinetic model as shown below (Fig. 6) [22] .
The comparison of photocatalytic degradation efficiency rates for different catalysts has been shown in Fig. 6 . All studied catalysts exhibit much higher photocatalytic activity. Thus, the degradation conversion of MB within 30 min using samples calcined at 60, 200, 400 and 600 °C reached 90%, 91%, 94% and 99%, respectively. The rate constant (k app ), half-life (t 1/2 ), and the linearization coefficient (R 2 ) of the samples are listed in Table 1 . The obtained values show that thermal treatment improve the photocatalytic activity. The result is in accord with the formation of a ZnO and CaZnO 2 . However, Ln C/C 0 = −kt 
Degradation Mechanism
Ca-hydroxyzincate powder CaZn 2 (OH) 6 can be explained as shown above. By the photoexcitation of CaZn 2 (OH) 6 , an electron (e − ) and hole (h + ) pair is formed. The electron in Ca-hydroxyzincate is promoted to the conduction band (CB) leaving behind a hole in the valence band (VB) [23, 24] .
The amphoteric property of Ca-hydroxyzincate powder allows water to be adsorbed on its surface and decomposed by oxidative potential of the hole.
During irradiation, superoxide radicals (O 2 ·) were produced by the reaction between the oxygen molecules (O 2 ) and the excited electrons in the conduction band of the catalyst.
Holes left behind in the valence band of the catalyst react with hydroxyl (OH − ) molecules which are oxidized by the hole to produce OH· radicals (4).
In the presence of oxygen and organic molecule, the formed radicals can form hydrogen peroxide (Eqs. 5, 6, 7).
This hydrogen peroxide can be generated by another way (Eq. 8) and can form strong oxidizing agents as hydroxyl radicals (Eqs. 9, 10).
The formed radicals are able to attack dye molecules and degrade them (Eq. 11).
Conclusion
Ca-hydroxyzincate was synthesized by coprecipitation process. Only ZnO and CaO peaks were detected at temperature higher than 400 °C. CHZ could be considered as an efficient photocatalyst to degrade methylene blue dye under UV light irradiation. UV-Vis absorption spectra showed a decrease in the band gap values with the processing temperatures. After the calcination at 200 °C, the photocatalysts obtained were more active. The results demonstrate that Ca-hydroxyzincate can be used as an effective low-cost photocatalyst for the successful degradation of water methylene blue dye solution. 
